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-F.ifty-one alurn~num-alloy panels we_re t’e~s~-gdr~F- <.”la~’~““” ‘“..
end- column s.. The test suecimens inclu”ded all pdssihle” —

combinations of two langt’hs ,
.-

f our stiff en”er’.spaclpgs.;-.~ . .,:
four stiffener designs; “and were mostly in duplic.q-t.e.p.ai.rs.
The test data include. the maximum loads carried”, action of
the pap~l$ after. the. maximum loads carried, ‘action bf ‘me
panels after the mhx~hurn” load had been passed ,,amount of

.-

twisting of the “stiff enbts , photo graphs +showin ““--thechar-
Facter of failure of many of the panels , ‘arid“o~”-e”r”pe%t- ‘:,-

nent items. -..
,. —

,. Supp-lemetitary tegts weie made bn”ll of th~. pane”ls in
simple’ bending and on 6 individual “stiffeners in compres”—
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In.1938, Carah and Park (i5f&i&ntie 1) made-a nu~%er
-.-.—

of tests to det6rmitle .“the,tiltim~te loads of channels .“a-c-t-
ing as cantilever beams subjected to concentrated f“~rc;s

G

at the free ends. The ultimate loads obta~ned. whe.n,the
line of action of the force pAssed through t’he.ce~ro:.~ ““ ‘-”-j-
of the section were found to “be frbm 20 to 43 p“erc”erit-’–

-r

lower than those obtained when the. force was applied ““
through the shear center. This- conside”rahle. r“zductiqfi.i”n“ ““”“ , ‘-
the ul.tima.f.eload suggested the po6s.ili,i.lit-ythat the Iii&d- ‘“““”~”!
carrying capacity of sheet-stiffener combin~at”i~~s .wouiid’ ‘ “-–,-‘“’
be a maximum if the “stiffeners “we’reso designed ~haf the,

—— --~ ..L--— ---

line of action of the f.crc’esdue ‘to interaction of .sh=~-
_..>----...——;

and stiffener wou%d pass ‘through the s-hear ce’n$er”-”;f”:t~”--- “ “;.- — ~...-......_-..,-..
st iffener an& be paral”lel to a~e of t:he’p% i“nc”i”pal--”axes

.-

of its cross section.
------—=, ..

..-.. ..
,..’ .. ..”.-..

:._:-;.. — “--, .,__
To explore the validity of this hypothesis an”d””to

obtain additional data regarding the general ~r_oble”m”of “- “;”-‘.””=
stiffener design,

—..- —.- ._
the four stiffener s~ctio-ns sh~wn ‘ii ::.-. .:_:

figure 1 were selected. For easier comparisons all four
.— <
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sections were of the: same sectional area and three, C.
z, and S , had equal moments of inertia about the cen-
troidal axis parallel to the flanges. The-fourth section,
u, was identical with the C ‘s”ection except that, when
employed in combination with sheet, it was at-tached at the
center of. the web rather “than ati-the flange. Study of
f-igure 1 will show the following relations to exist when
the four sec%ions are used as stiffeners in connectio~ with
flat sheet. In all four cases the load imposed on the
stiffener by the tendency of the sheet to buckle is assumed
to act normal ta the plane of the sheet and along the line
of rivets, In the case of the C- section, tliia force
will be parallel to a princip~l axis. of the section but
will pass to one side of the shear center, that point being
llbe~fndll the web- The shear center of the Z“ section w511
coincide with the centroid “because of-point symmetry, but
the force will no+ be pa~allel to a principal axis. When
the U section is used, the force will act alOng an BXi$
of symmetry of the section and will thus act along a prin-
cipal axis and pass. through the shear center.

!The S section was developed by Brown and van ~verY~
who originated the project co.vere.dIJY this report. Although
t=his section was devised independently by Brown and
Van Every, its prior existence is shown by sketches .ixxref-
erence 2. This section was devised to meet the requirements
that the load should pa8E through the shear center in a
direction -parallel to a pri”n”cipal axis and that the moment
of inertia I about a centxoidal axis parallel ~ the
sheet should be the same as for the C and Z sections.
It was .impossilsle to satisfy these condit-iou$ ~wi-tha sec-
tion similar to the U section without increasing the 6e&
tional area.

Actually the S section was first proportioned ‘to the
approximate area and moment of inert-is desir-ed. A.n angle
between the web and the flanges and a dist-.ancebetween
flanges were selected arbit.rarlly. - The angular position
of the pr~ncipal axes was then varied by oh,angingthe
flange widtih and the results were plotted to. determine the
proper value that. would ma’ke t-he principal”axes J?aralle.1
and normal to the flan#es, Since the section has point.
symmetry, its s,hefir.center is at the centroid, Thu.s,+f the
sheet is riveted at the l.ocatii.og.in!icated +n fi~.re. 1 t ‘he
load imposed on the stiffener b-< the sheet passes through
the shear center and is parallel to a principal axis of the
section. “ .,

,.. . .
“, .

?
..

—
_.—

...-
-.

h

*
..

r



NACA. Technical “Note No. 882
~,

After the S section had been designed, the C and
z sections were develop-e-d so that they had the same. area

..=.

and moment of inertia about’ centroidal axes paralle-~ to
_—-—_

the flanges. Because the thickness and the “developed width
were fixed by the design of the S s-ectian, the only in–
dependent design variable remaining was the d“istanc-e be-
tween flanges. The variation of I with-this quant~t_y”~’” ‘–
was plotted in a figure from which the necessary depth of
section was determined.

Originally the four stiffener eections were designated
by the letters A, 3, C, and D,
thr”oughou~”

and those letters are used
this report to identify individual test Syec–

imens. When attached to the nanels, the assembly is iden–
tified as .PA, P3, PC, . and,PD. During the test program
it was found helpful to refer to the original IIh II and
n~lt as II.FJ!1 and Itu II sections since they suggest thok-e
letters (see fig. 1) when theeheet to which they are at-
tached is in a horizontal position. ‘#hen not attached to
a sheet, they areboth referred.to at times as the ‘lchan–
nel” section, because of their similarity to the structura~
channel. Similarly the original B. section came to be
known as the Z section on account of its simila~l%y 377 ‘-”
the structural Z section. The original ~ .“gectfo~-was—.

then named the S section since, when reversed, it sug~ r
gests the letter S, and it was undesirable to attemp~–to-
distinguish,~etween two different Z sec”t’ions. The orig-
inal designati~~s are shown in parenthesesfn figure.— .l,=

.. .=—--+ -...

Although “all four sections had. the same area an{ t@ee
of them had the-same moment of ~neriya aboul an axis” ptir-allel
to. the flanges, ‘it was realized, that their behavior <pd<r
load might be quite different. .To ascertain these di-fi?er–
ences and to aid.in the interpretation of the ac$”~f the
sheet-stringer. combinations ,.individual stiffener” s~eciriiene
were tested as cantilever beams , as beams in pure be=.fng,
as beams in simple bending, and, as flat—end colu”mns * The
tests of the specimens as beams i-ndic”ate”d“ii6th”$~g~fgnif-
icance for interpreting the action of the panels except
what could easily be deduced from accepted beam theory. :
Detailed accounts Or these tests , therefore, are not in–
eluded in this re~ort.

In order to bring out more clearly any d.ifference,~ “in
the stiffening effeits of. the four sections used, “the .Uanels
were made of relatively heavy stiffeners and light. sheet.
The panels were made in two ,lengths and with four %ttffener
spacings that allowed information to be obtained 04 some-
of the other problems of panel design.

.—
.-
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Although all t~e test material was obtained at one
the tests extended over two. school year~ and were

a
time ,
made in khree grodps , and there were minor’”dlfference~ in “
technique among the groups.

—
In t%e first year, the tests

on individual stiffeners and compressi-dn “tests on 20
panels We”re.made” by Brown an”d”Van $ver$.

-—
In ~he second

year , cdmp.rsssion tests” on 15 panel-s ifid”ben-d-~ngtests on
.-

11 p~,nels ware m?.de by 1{. A. Miner”, -At t%e end” d the
second .ve~r, corupresslon tesbs were made on 16 panels by
the wriwer. With the exception of &he data obte.ified in
the third group “of tests, the data In this r?por~ are hidcen
from the theses and test 10RS of the studentg ment.ianed,

The wrih~ received assistance from many sources in
carrying out at Stianford University tha study on which
this report is based. Special acknowletgnent is due the
,C.onsolidat=d .4ircraft Company for t-he gift of the test
snecimens , ‘and to t-he National Advisory Committee f-or
Aeronautics for the financial assistance thati~atle po~-
sible a more thorough. study than could otherwise have
been contemplated. Ackn-owledgrnen.t-is also made to Messrs .
Russell !Y. Brown, Milton h. Miner, “and Kermit E; V&n Every,
former graduate studenti on whose theses this .repor.t is
largely based,

B
as well as h the students who ass~te-d them

in making their tests; Normal Christensen; Roy P. Jackson,
and Milton A. Miner are to be thanked for their assist-cc f

in carrying out the third group of t-ests af panels in axial
compression and f-r the calculation of the results of the
tEsts. Messrs. Roy A, Miller and- K. R. Jackmati of the
Consolidated A-ircraft Corporation and Professors 14errill
s. Hugo, s. ‘limoshenko, and Harry A. !iilliams of Stanford
University are to be thanked f%r technical advice and
assist-an-cc, and 14essrs. O. G. !?ariu,!i. H. Cadwell, F. I).
Eanham, R, H. Haicourt, W.””!~,Young, and T. J. I?almaineer
of Stanford Univer-eit-y f-or assistance in bhe deglgn and
construction of test apparatus,

All stiffeners were formed on a brake from strips of
24S–0 ~terial 0,064–inch thick and 2.52 inche~ -wide. The
dimensions of the stiffener sections and the corresponding
section characteristics are s,h~wn in figure 1. The stiff-
eners tested indi-y,idually were in lengths of 16. and 24.
inches, “: .

,..

.



The stiffeners were heat treated, age ,hardened three
days, and stretche’d.to 3 percent permanent set in the” .-
straightening operation+ The material then had the fol- .
lowing properties:

Yield stress in tension, lb/sq in. . . . . 56 ;000
Ultimate stress in tension, lblsq ino ● . . ‘68,00Q
Elongation in 2 i’n. percent . . , . . , , 15. to 1?.
Youngrs modulus, lb~sq in. . . . , . . . . 10,3OO,OQO

,.. .. . .. —.. ... ..-.—-
“The’se-~alues. we’re supplied.by t-he Consolida~e”d Aircraft,
Co.rpor&.tion and v-erif$ed at Stanford University within
one-half of 1 percent by a standard tensile test. In
this test two Huggenherger tensome”ters witL l–inch gage
lengths were used to measure the strains bf a–carefu~ly
milled specimen cut from stiffener D–2. Load was appiied -
by a 20,000–pound Tiniu”s Olsen universal testing machine.

The panels were fabricated with C!,025-inch 24S-T
sheet with the grain parallel to the stiffeners.- Ea.ch
panel had three stiffeners riveted to the sheet with 3/32–
inch A 175–T rivets (Lockheed Standard – Brazier - LS -
1100 – 7/32 inch leng, age hardened eight days before
driving). The rivet spacing was 3/4 inch with the end ~
rivets 1/4 inch from the en~ of the specimen? Stiff?ene? .
spacings of 4, 6, 8, and 10 inches (rivet line to rivet
line) were provided. Panel lengths of.both 16 and 24
inches were used. The panels wer,e supplied -in ‘dup~c-a~
pairs, but. one of the- 24–inch panels and 12 of-the 16–incl
panels were not tested.’ The ot~;er”panels , 3“l.%~’””2T-fi~”--
length and 20 of: 16–inch length; wer~te”sted: .i%.compres–
sion~ At least one “panel of “each”:s-izewas “%e”sted”.”-~’-”
each panel””.t”fi&-s~lk~t was trimmed f-lush with. the out6”ide of
the edge”s$-iffeners , and the ends were carefully ground
plane to within 0“,’002.inch. cv-er the entire-width and “a~”-””-
nearly -parallel ta each other as” possible,. . .

,. ,,-..
Both sheet and stiffene-rs. w~re weigh&i ‘y>ior to drill–

in.g and the sectional area6 -of each were. computed, a den–
sity -of’O-.1 pound” pe”r cu>ic inch being as-etitied”.Tha ob–
szrved’ weights. and “c”ompute& sk;c-t”i”orialarehk ti’~e-lik:~;’din “
tablel. During ”tke te”sts,‘,’nume>.ousC.lieC”k mea.sur~ements
were made on “the te”st rnkte.rial. l~tiasurem’+hts-of thickiiess,
ov”ey-all width, and height of the se~tionwere taken at.
4-inch intervals along the lengtjls oft.he “individual ~tiff-”
eners and”, in the cfis+ of t’he- S seot”ion, the”anglb tie-”~ ‘“
t~een web and flanges w:~s also mtiasured.. For many “of the
panels, these metisu-reuents,wer&. Supplemented. by rneasu-re- ‘“
ment of sheet thickness .takeh”alb~g the-‘pa-~el--wi.dthaid

..—.

-.
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length.. The results “were -averaged and usedf.for an inde-
pendent computation of. eectional areas. Most of the
linear .,dbnens~ons of.each “spe”cimen were- withiR1”-2percent
of th~ average, ~ut theangl.e .af:the web “of the s“ Bec-
tion was not ynder such clo6e control. ~t”varied as much
as 4 percent within a. speai”m-enand’ also 4 percent from .
the value needed to make, one principal axis parallel to
the f.ianges. . , , .

TEe comput=-edar?ag %ased o: these ?neasur- dimensions
and- the -areas based on weighte were USU611V- in cloee
agreement, the maximum diff-ererice being 0.038 square inch
and the median difference 0.0”09 square inch,

In a$d,~tioq to “variations, wit”hin a $PeCimin”ti6 di- ..
mens.ions differed from the nominal;, Study of- half. of “th”e
24-inch panels revealed variations in sheet thickness
between –4.4 and +43:8 percent from the nominal, the median
f$gure being +1.6” percent. S“t”ififenerthickness dgviated
between -2,5 and “+3.8 percent from the “nominal and there
was no deviation af the median. The moments of iner-tia
of the stiffener showed somewhat l-arger deviations from
the nominal, which amounted in sbme casesto ,@s much as
12 percent. , T“he,heV~ations. from nominal d$~ensfonB of the
other specimens-were. of the same order .of qagnitude, The
action of the. pane”ls under test,. however., indicated that
the deviations, from nominal .in moment o-f iner.tla were of
much less influen.c’e..on the-results than those in sectional
area. Although” some -o’fthese d.evtatlo”ns from nominal may
appear rather large, they are less thkn deviations likely
to be-encountered in actil c’onsi,tructionand are repre-
sentative of .gDod she? practice”. Although they prevent
too f.iriedistinctions being-drawn ~rom the test results,
they do noti--preveri,tuseful practical conclusions being
drawn. .“

“’A”P~ARATUSAND. TtiST PtiOCED~E ,

Sim~le bending $e s~– ~leven of. the 24-inch Panels .—-
were t-estedas simply supported ”be.ams.with.concentrated
loads at the midspan. The t-es-tapparatus is shown in,fig-
ures 2 =5. The entire testing-equl~%nt wa8 set-~p on
the heav.y,,plywood base mou~ted’ on a pair of wood horses
shown in figure .2. ~he._plywood base wae d~ill.ed jo a.1.l.ow
steel rod”e.to trhnsmit the load from the “le.vek ~,~~ten be-
low the base”to the panel, which” was stipporte~ on r0d8
resting in V These-end-support ?rods were o?blocks., ,. .

,’

1
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l–inch diameter cold-rolled steel. They were properly
spaced under the ends of the panel by steel templates,
which located e~ch end” support 10.75 & 0.05 inches from
the center of the specimen. One. of the-support rods v-as

—.

mounted on small roller pads to permit horizontal travel;
the other rod-was fixed. ,.

Figure 4 shows diagrammatically the method of load=
ing a panel in simple bending. The load is divided- into
three equal parts by a lever .a$rangemen~, the” loaiie being”
25–poun,d bags of shot, This lever system was d’eeigned”%o”

..

fit all four stiffener spacings (from 4 to 10 in.) by” ““--
relocating the hinge pins in the levers. When panels
reinforced by C and S.. $tiffeners~ .with~tlre ~kin- in

—

comprebeion were” being,$ested , the Ioading-rods”cbuld ~ot
be fast~ned, d.i~e,ctly t.o.the steel .block.s. The” loads w6”r-e
therefore transmitted .throygh the. G&shape fittings sFIi6wn
in ftgur~ 5,” -.

Deflections. of the stiffeners were measured by dial
gages . The gages at the ends (directly above the e“fid
supports ) were individually mount-cd on adjustable Stands”
and those measuring deflections near the center we>e
mounted on a single lar”ge hanger , likewise adjustable-.
This large standard provided also a means- of” fiountiii~~e
scale,.for measuring stiffener twist with the aid of
aluminum-alloy pointers, The poi,nters, abqut 10 inch-es
long, were glued to each stiffener at the center-of the
panel? as shown in figures” 2 and 3. In some .pfeliminaFy
tests it “had been found that local def&mation near the
points of load application seriously affected the validity
of the deflection readings taken at the center of the span,
The center-deflection readings were therefore taken at
points 1* inches from midppan,.

,.

In the panel bending, tes,ts-,the dialgages’ were set
to zero and the. iuit,i,ilpoi,nter readings w,er”e,@dq:%ith
the specimen under a, tare.:~l~ad.~oi,’26 pourids~

——
30~ wae

then applied in fncrem”ents,,.usually: of: “1OO p“ou”nda,“u“ntil
the total load amounted: ,tq from “2-26.to’ 376 pou”nds, de–
pending on the stiffness of the specimen. The load was
then removed in, 50, pound dec~,ement,s, Dial-gage arid “-
pointer r,ea@_ings’wer”&$@a,n after ea-p~ chan~ in ~oa&,
but only” th,ose,rpadings: o~ta,~ne,d in the unl.,,ading pr%c~si-’
we”re”used to plpt, th,e ctirye~ ‘fr._orn.whi.ch.’thepanel =t~~~-” ‘
nessek were c“pmp~u~ed:,, ,.,,-.“,‘ . - ~~ - ,’~j;::~>.‘~.,,

..-.:.: .J.._”.-L.’ —

~orng~;’s;ion~$s”i.s”’:”=:Thrke se’t”sof:.obmpreS”61d-n%s;~ ‘
.—

.—— -.
tb destruction were made on panel$t ‘Jn the first set one,.

.: ,,.: 1,. . . .,
., .“

,. —
.

.. --.—. -=__
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each “of &he 24—inch panels and one eaoh of the ‘16—inch
s.._

panels with 4–inch stiffener spacing, 20 in al:, were
test=e~”. In the”.second eet, t-he duplioatg:”.of tb”e ?4-inch
panels, with the except-ion of the pa”~el w$t.~ U stiff-
eners and 4—inch spacing, a ‘total of.15 panel,s ,were test-
ed. The third. set was composed of”bne of each,of the “l6-
inch panel~, 16 in all., Those panels with ”the 4-inch
stiffener &“pacing were duplicates ;of panels of th~ first
set; the others w“ere.panels of which”duplicat.es .w@re not
te6teti. .

. .
A1l..the Compression test~—w–eie made in A ‘Tini.us Olsen,

hand-op’erat.ed, 30,000–pound universal .testing”machine
equipped. with extension rod8. In o?der to,,adag,t this
machine for -panel test”i.n~,two case-hardened ~g$at-ens,,
shown in figure 6, werti [iad~. ‘T~.eupyer .~laten’-was,fin-
ished frorn”a mild”st’eel blo-ck .,4--by.,.4by 28 i?c”tie$and t:he
lower pls,t-=nf~orn a mild ‘stie~l“~;l”o.ck1 by+b.y 28 inches.
Bet-h piece~-’w.ebe milled approximately plane;, case–hardened
ground plane and parallel” within 0.0.01 inch., and .~”apped.
plane and parallel u~ing a“thir,d surface.” “ .

A’ syst&m of ‘Eracing=to stabi.li~ge~~:n~,&&uid~the motion
of the’ U-pper-p’lat%g-:Was- fun- <r:o~ the~-tip.pe>.,~la.tp.x$.oa.
nearby H..is”c.~~~hn,-as shown in f iguy”.e-”6,..“.This..bracing, was
chiefly’ eff.ec”t-iireinp’reventing ~otat’ion aid .m”o~vebent-of
,,the--u~per p.1’ate”htioimal to the “plane- of. the “p&.nel. NO
special -provision ‘was neceiezry to. pr.ey.ent-rno.ve~e4t oX. th~
upper platen p~rallel to the- piane .of”the panel: Although
this arr-angement was crude and l~fk much tq b,e desir-ed~ i-t
afforded reasonably tia’tisfactory stability. To check. on
the behaviw o~ the upper platen d“uring”the tests? deflec-
tion meaaureme-nts relative to “t-helower platen were tak~n
at– three points on, the ‘unde”r”surface’, Thus, t~ deviation
of the two” platens from parallelism could always be deter-
mined. These measu.kement-s,also provided a means of meas-
uring the total strain’ akd”the’ corresponding ‘appareq~ aver-
age stress at each. stage. of the test.

.,

One of the chidf objeetivtis=~bfihe “tesks..was- to &8 ber-
mine a“ny differences in “the tendencies. of the different
types of stiffeners to tw~st under load. F.oy t.pis purpose
aluminum poi.nt-ers‘a~o~tit‘,Lftiot “lon~;~ere, lgl.u$:d’-to.each
sbiff%ner :n&&r midhe~ght,~~~rid a “kc&Ie”””pl&”c”e”din a COn Ven-
i.ent Position for m~~suring .tha movements of their free
ends . These pointers and the scale are shown in figure 7.

Yhen possible , stiffener elongations were obtained by
Hl]zfi;enberger tens~meters having a gage length of 1 inch.

t

. . ...

. .
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The movement of the pointers of these ga es “’werere”am to
70.01 inch, which indicated a strain of 1 120i000.

Some secondary, apparatus and gage~, which-appear’ in
figures 7 and 8, were used for measurements from w’llich“it
was hoped to be able to compute the a-otual degree of re—
straint of the stiffeners considered as columns. L-S this -
phase of the investigation, however, produced no results
suitable for publication, the data obtained and the methods
used for o%taining them are omitted from this report.”

The methods of positioning the specim-en and carryihg
——

out the tests varied in detail among the three sets of
tests. In all three sets, however, the specimen was first
placed between the platens and held with a lig$t” load
while its position was checked for continuity “of contact
with the platens. The load was next increased several
thousand pounds and then reduced to an initial load of from
2000 to 3000 pounds. If, during this process of loading
and unloading, the indications of lack of uniform dfstrf–
>ution were not” excessive in magnitude, the position of_ the
specimen was considered satisfactory. The criterions for
satisfactory specimen location differed quantitatively be—
t~een the test groups, but, in general, a difference- of
0.002 inch between the readings. of the gages measuring the
vertfcal movement of the upper platen with respect to the
lower was the maximum allowed. Be~ause two of these gages
were nearly 28 inches apart ,-the pe-rmissi%le relative rota–
tion of the platens about an axis Dormal to the.plane of
the specimen was very small, In the second an&%hird groups
of tests, tensometers were also attached to the edge stiff–
eners and the permissible difference between their readings
was held to a fraction of a scale dfvision. If the differ-
ence in platen movement or tensometer readings indicated
excessive. &ifferences batweefi “the loads carrie”d’b”y the edge
stiffeners , the positien of the specimen was c.harigeduntil
a satisfactory position was bbtained~ .-

Whem’the speci”meh” had been satisfactorily pra-ce~in
the testing “machine, all measuring devioes not previously
applied were attached a“nd the.ruain test run was started, At
first, loads were imposed in equal increments of ’’100~, 15.00,
or 2000 pounds , but;”as the ulti~ate load was approached,
the testing machine was”kept balanced as nearly,as possible
and stopped for observations after selected in”c’remen-tsor
specimen shortening or when the” beam dropped ‘suddenly’becauee
of the yieldi”ng of the panel. Before the ultimate load was
reached, the tensometers and such dial gages” as might.be tn-
jured %y the failure of the specimen were removed-’
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In the first set of.t=te,, relatively “little &tten-
tion was .pa-i’dto “the action of khe panels af.~er the maxi-
mum load had been reached. In the second and particularly
in ‘the -third set: of- tests,, much more” at%entio,n was pqid to
the aot ion of the, panel,s at .$hat s“tage. . “

4

I

,.
After failure .ofone :or.more elernente of--the .pagel,

tray’el.of the loading .hea& was corrtinued to permit .obser-”
vat ion of the. aeti,on, of the other element s... .T!hevhr ia-
tions. of.load carrieii as failure progressed were recor&6d
and notes were taken of the types and locations of failure.
For” a:few specimens” of the second set (24-inch panels with
10-inch st~fe, ner spacing) photographs were taken: of the
panel under the initial load of 3-,000 pounds , at fa~lure ,
and after f%ilure when t“he load had ~een reduced .ta 3,000
pounds . These ‘phot.-ogr,aphsgiv,e ,evidence of the type and
magnf t.ude of–t,he failur:e~. In t-hethird set. of. tests ,
after the ~laa~ ,h&d dropped ,to about thre.e,-quarters of th.5
ult imat= (in three- ca,ses it.:suddqnly dro~p.e”d“to a much
smaller fract ion]., the teet was .stopp.ed and a photograph
was taken of the panel to. illustrate, the character of the-
deformation. ,.”. .’”

. . .
Oqe 16-inch .agd one 24Ti~ch length. ~~aqh st iff ener.

.. >

sect ion .wa$ tes.te-d tua failure as. ,a flat-.en-dc“o~um”nti“The
apparatus and ~proce.dure used in th”ese-t=ssts were the same ,
as far as applicable., .as for the .compr.ess.ion tests of pan-

<

e--ls, More det,ailed .&ei”cription ,of these ~%:t.s .is there-
f ore considered unnecessary.

.,.

,.PR”EC-lS ION
—.

,,. ..
,, ,,.. . ,.

~o .assure.:un-i?~ormdititribu”tion os.’Rhe..load, the.
~latens were l=pped plane wit~in C),”0055.iriCli, Dqr ing
~he test= of the firs btwo groups the ~sl~tjvq,poveweut.e
of the ends ~f the platens (about 28 in . apart) did not
differ. by more than .0,C030 iq~h prior to yielding of the
specimen, “whic~ .repre~ ented a -relative angular mcve~ent
?f only-about O.O.CO1 radian, or 0;006°. ?or “a,pan~l. w-ith
4~i]lch sbiffcner ‘spicing and 1~-inch leng$-li,lih~ condi-
~ion. would, ropr.;segk an increase in the axial 9tres6 of. .
0,0001 by 4by”.10, fiOOr,000/16 = 258” pound s:lj$r “Scluafc“fnCh.
In the third .group.ef tests of the platens were””not kept
.s0 cloeoly. par&l lel, but the .uniforrn.ity i-n stiffener
stre sees was con~inuous ly,checked .by. the. tens~?eters and

L

the resu.lts..of the tests of l~-!nch. panels with 4-inch
‘stiffener spacing are in QUCh close. agreement with th0ef3- #

1
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9
of the corresponding panels of the first group ag to “give
confidence in them. Measurement of the twist of the
stiffeners as obtained from the pointer readings was pre—
cise to within &O.002 radian, This value was an appre-
ciable fraction of most of these rotation re-adings , since
the latter were so small, but the precision was adequate
for qualitative results and conclusions.

The T!inius Olseh testing machine was graduated to
the nearest, 5 pounds, but difficulty of keeping the-beam
in exact balance reduced the precision of the load read—
ings to about ~50 pounds when the beam had to be kept in
balance while the strain was being increased. The Machine
itself was known to be accurate to within plus. or minus
one-half of 1 percent. On the whole, the precision of”
total loads flay be assumed to be 2c0.75 percent; whereas
differences between loads of about the same magnitude
recorded for a given test are correct to within *5O pounds
if

s

t“

E

P

w

III

it were in motion when the reading was taken:

SYMBOLS

width of panel between stiffeners, inches

iength of panel, inches. .

develope& length of center line of stiffener, inches
,, —.

thickness of stiffbner, “inch”

stiffener cross~sectional area, square inches _

in.sid”e‘r”adiub,of bends, inclies. .

moment of: inertia about stiffener ‘centr”oid, inches4

p“ane,ldeflection- in bending, at panel centerl, ig.ches

modulus: of elasticity .,

compressive load, pouri’ds

ben<ing load, pounds —

flexaral rigidity
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TEST ~ESULTS .

Panel b=nding tests. – In the,~panel’bending test6- !F.e——.
deflection of a point. near t-he ce”gter”of each-stiffen+er
from a .Iine ,joining the points of g-upport was determined
by subtracting the gage .reading”at that “poi’nt f“r’osithe
average of the gage readings at the s.uPpor*”s. The result-
ing center-stiffener deflections were plotted as shown in
figure. 9 against load per stiffener and straight lines fit-
ted as closely as possible t-o:the plotte’d points. The
slope -of this line fir each stfffener was” then determined,
to find the—ra~io of- load to-deflection w/6 . For Lhe di-
mensions of the test set-up, the ordipary formula “for beam
deflection reduced to- EI = 201s6 W/d, The values of E1 -
obtained from bhis exmreksion are recorded in “table 2, in
which EI ~ and E13 are” the observed stiffne”sees of the
edge st-iffeners and EI~ that 0< the center stiffener.
I’or purpos”es o-f comparison the table includes the co~putcd
values of EI for the center stiffiner ~ased on measure-
ments of the actual cross section and an assumed vnlue of
10,FGO,CIOO”pounds per square inch for E. This table in-
cludes also the maximum load imposed on the panel in each
test. b

I-n--addition to the measurements of deflection, the
movements of the free ends of the pointers glued trthe t
stiffener webs were recorded in order to obtain information
regarding the tendency of t-he stiffeners to twis~. F or
most- of the” pa,nels, this procedure WHS followed only when

.=

the panel was tested with. the skin in tension, on account
of the dif~iculty of obtaining’ the informat-~on when the
stiffeners were below t-he shee~t. Wfth panel I’A 16, however,
these readings were taken for the” ‘twcIedge stiffeners.
Table 3 shows the length of. the pointer, and the total move-
ment of the free end of the pointer in inches. me plus
and minus signs indicate whether tihc reading “of the pointer
on the scale increased or decreased with increase in lead,
In some cases, the movem~’nt of tho poinfir changed tn direc-
tion and this chenge is igdicated by thti-symbol k.

Panel co~ression tesla~- llh.emaximum axial loads car-.——
ried and the types of failure exh~d by the various pan-
els are summarized in tables 4 and .5. These tables include
also two values of unit stress cor.rcspondi.ng to each ultlmatu
load. One Is the average stress ~btained by dividing the
load by the total sectional area of the panel fxom table 1,
The tither is the load divided by the sect~onal area of the h

r

w
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stress carried by the panel because the first computation
uses too. much. and the second, too little of the area- of
the sheet.

For each test the recorded readings of the gages that
measured the movement of the. upper platen were used to
obtain curves of average panel shortening against axia~
load , &s shown” in figure 10. First the actuai gag”e T“e.a-d—
ings were plotted ~gainst load and tk,e movements of the
three gages were shown” b~ curves 1, 2, and Z. These curves
were extrapolated tb zero load to “determine the shortening
which took place between zero load and the load’a”t which
the first measurements were taken. Since the lower por-
tions of the basic curves were quite .str”aight, this ex-”
trapolation could be done with satisfactory prect”si,on: The
readings for eaoh ’load were then averaged, the estimated
shortening at the initial load added, and the llaverage “-
curve” drawn. Since two gages were at one end of the
platen and .cnly one was at the other end, the reading o“~
the single gage Was given ‘doti%le weight in computiu”g thee
average . ‘I’heave~age. shortenings of-the “iiZfferenf piinels ‘ “-
under a group of representative loads , as ‘obtained from
these curves, are listed in tables” 6 and 7.

The approach of failure of all the panels was iridi-
cated b,v definite signs. The sheet used in their fabri-ca–”
tion was so thin that, even under the initia-l load-s, it
normally exhibited buckles in the areas between stiffeners.
These. buckles grew as the load increased, but little atten-
tion was paid to the detaile of. the development, since
that type of action has been studied more carefully b~

-.

Ram%erg, McPherson, and Levy in reference 3 and by other
exmerimenterse Since this buckling was pre=ent throughout
the tests, it could hardly be considered a true indiaa~ion”
of impending failure.

--- ..

The first sign of impending failure was usually the
buckling of the skin between rivets connectin~ it to ihe
stiffeners, This buckling could ~eldom be seen at the
center stiffener, but was easily visible at the edge stiff–
eners . Often this condition became noticeable on %oth
edges at the same load, thou~h in many tests it was seen
on one edge before on the other. These buclcle~ ~eveloped
so.gradual~y that it was difficult t? know just when they
began to appear. The loads at which they were noted in “
the third set of teets are recorded in ta%le 8. The cor-
responding data for the other two sets of tests are not ‘“-
so complete, but there appeared to %e little difference
i~ the range of loadsat which this wrinkling first became
noticeable between the 146-

.
and the 24-inch panel groups.

— .



.

14 E~CA .Technical NcrteNo. 882

As the s“train was further increased the free .edges of
the stiffener’s on soxne .sjecirnens began to appear w~vy and
later developed definite buckles, at which point-s failure
subsequently took place. This waviness did not become
apparent on many of the panels , however , un&il after the
maximum load “had been passed. The loads at which it was
first noticed on each of the stiffeners of panels of the
third group ”are listed in table 8, The approach of maxi–
mum load of so-me panels was warned by visi%le twisting of
one or both of the edge stiffeners. The load at which this
twisting was first noticed is.also rec~rded Tn table 8 for
the third test group. On many of the panels , however, no
such st-iffener twisting was noticeable, even at the end of
the test. Practically no information on these -points was
recorded in connectl,on with the tests of the first two
groups of panels.

The best indications of approaching failure were the
drop in load while the testing machine was stopped ‘h tike
readfngs and the cecrease in the rate of change of load
while the testing machine was in motion. .Under low loads
there was no drop in the load on the specimen while a set
of readings was being taken. As the loads increased, hclw-
ever , it was found that during the time to obtain a set of
readings the equilibrium load of the panel decreased, al-
though there was no. change in the position of the upper
platen. At first this decrease would be a makter of only
10 pounds or so, but with increased strain, i.tibec+ame
progressively gr.eat.er, and before a test was completed
might amount to as much as 100 pbunds. These effects cam be
seen from figure 11, which shows to enlarged ecale tie
upper portion of a curve of representatnbve load against
axial-shortening. The same f;igure shows ho-w the slope
of the curve progressively decreases as t-he maximum load
is approached, Tn the tests this ac.tign s~e.rn.edm-ore_pro–
nounced than it does in the f-igure and was the most obvious
sign of approaching failure. -.

The action of the panels of the third group of teets
as the maximum load was approached and after it had been
passed was closely obser~ed. In the typical cycle of
action, as the strain incr~sed, the equilibrium load in-
creased to a maximum and t-hen began to decrease, At times
some part of--the panel gave way suddenly when the load was
at a maximum, but usually there was some gradual decrease
in load with increase in. strain before a partial failure
and sudden drop in the. equilibrium load occurred. If. the
t-es~ing machine wqre stopped to permit the taking of ~age

L

—

,

r
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readings , as was done after each sudden drop in load or
when the amount of increase in strain made such action
appear advisable, the. equilibrium load was found to have
decreased further while the readings were %-e~hg””~ken.,
As the strain was increased after the readings were ~aken, ‘“
the cycle. was, repeated, starting with an increase in
“e~uilibrium load, except that , after the panel had been.
very badly deformed, the equilibrium load might show no
such, ~increase. The action of these panels under large,
straincan be followed from t4e”recor”d of table,?. ,. .

.-..,,
In this table four phases of the’ typica~’ :y~,le,,ar.e

“reco&nized and the corresponding loads are recqydedp
Those recorded for” phase A are the ones at which the equi-
librium load reached a maximum. The phase B loads are the
equilibrium loads just prior to a sudden drop in_that
quantity. When the testing machine was stopped fOr read= _ —

ings although there had been no sudden drop in load, no
figure is entered for that phase. The phase”C loads are
the equilibrium loads when tihe taking of G “set of dial
gage and pointer readings was started and the phase D
loads, those when the set of readings had bee-n taken and 1“
the straining of the specimen was resumed, Zn order to
emphasize the few cycles in which there was no drop in
load from the phase A maximum to the phas”e B load at which ‘
there was a sudden drop, the corresponding phase B loads
are indicated by footnotes. ‘.

The failure histiory~of panel FD-8 can~thui ~e,read
from the ,table as follows: ‘Theequilibrium loe,~ ipcr~ees-ei
“to.20,’i’25 pounds and:then gradually decreased to.~0,530.u.
upou_n,de, at which,point the machine was stopped.:or r.e~dings.
‘-When;the readings h~dbeen taken, it was fotind’thq’t-,ihe.loid
.Iiaddropped to 20,4E10.pounds. With incpease of s$’r~a%.n-,”
the load gradually rose to 21,630”pounds a“nd th~n slaw~y.,
dropped to 21,430 pounds when,a new set” of readings “was .
taken. When these readings hqd been. c,om”pleted the l“oad
had decreased to 21,380 pounds, Butw:ith increased strain
it rose to 22,020 pounds and again b?gan” to decrease gTad-
ually+ At 21,895 pounds, however,. there was a sudden drop
of load to 20,310 pounds due. to some fa,ilure ig. the..panel.
After reading,s of strain “had been. ta~en, t-he “equilibrium
load had further decreased ,t”~“20,2$’0 >oun’dug,” Wl”th further
increase of strain the Itiad r“os’e‘to ‘2d”,~6~ ‘Qoun.ds , a.t which
point, there. wa.aa sudden. failur~ that caused ~he load to
drop to 6,200 pounds. The star’y of” this “panel failure Is
further. illustrated by figu~e;~l~ ‘Wh”ich”5h?w~ .,gr.a@h$call-y
the variation in equilibrium lbad”’tiitb “iti~~e.ased”strain.
In this figure the only fully validatet!l po~niti on-~he curve
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are those plott,e,df“rotithe readings for ~haaes C and D.
The location of. the curve- between “such.points is hypothet–
i,c.al,but is belie veal.to ‘be, at least qualitatively, cor-.
re~~. !lhe,broken line .in”~he figure indtcqte6 the elope
of .the,lqad-shorteni ng cur~~ in thg..qeiplibor~ood~ zero.- .—- .
load.% ...., ... ... ,..

“. -.

l?o~ ~ .rnOrecomplete u~d.erstan$’iig.,of”t~e ac.iiin:’of
the third gro~p of ’”p~”nels.fifideq,l~rge ,.sfTaip,.-~able 10
gives selected exce~pts..frorn the~.te$t.lbg~: “The, Zoadp at
which the various events a’re “shown in this table are those
correspop:ding. to. phase. C. or.$able.. 9., that is,,-the equilib-
rium, loads noted,just. before the .d”atp.were recorded.

. .
The’ d,ata ~n.the eq’uilibrium” loads after the ultimate

had been passed”are, much less. complete and reliable for
the panels. of. the first, two groups” than for t-hose o~~he
third, Table 3.1 is a.record of such data ae could be ob-
tained from the logs of. the second group of tmrts. In
these logs the. loads far phase D are. seldom entered, and
no clear distinction is made ,be.t.weenthe loads for phaises
AandB, becau”se the decision t.o make a detailed study of
the question was not. rnaile.untfilafter. the second group of
tests, had been completed..

‘“Beta.~se of...k$dif~iic.ultylty Of .kdeq~.at.klydescr”ibi;g
the appearance of.the pane-is ,at tillti.e, a set of seauence ,
photographs was taken of the 10-irich spacin”g specimens of
the:isemond -.t~qt...gq.oup-.( T@ese .pho.togr,q.ph.s~.r.e-shown in fig-
ures:.1:2 ‘to ._15,,..-~he :panel ready for. .,te”s.tingand “sub~e,c,ted
t’o..t,hei-n:itial...~ada,,,,,u~ua.1-ly.~000. po.@jf6 ,...1s.Showfi in each

.“;bf.~’he.sa,:f:igure;s,in..(a), ..,In(b) the pan.e,l“i.~shown just
;. ;af.t.e.rfjai.lure,,~‘and..in(c),,the degree. to which t-he specimen

r.e,t~r~e,dt o -,i, ts; ,o,r iginal: state ..is shown, Figure+” 16 and 17
aye addit ional views of ,tjl&fiil Mre .of -panel “PD-16 , ~eiken
at the s~a.me~time as t.~e,v.~.e.win f i:gure 15 (“b). In t=he ‘
thir,d e.eri,e.s.,.oY,.bests -.(.most of ~“he tests of 16-1.ri. panels) ,
a g..:oup.of .p:h.ata“~laphg (figs.. 1“8 to 33) .wa-staken ‘to illus–
t.rate the +iction .tithe .paaels, after the uitirnate load .had
%een paased,: Af.t.e,rthe, ult.irnate load had be.en,reached, the

.. shortening w.a&..:cQnt\gu@d ..unt;il “ths”.load IhAd. considerably
decraased. ... U.sua,>,lythe ,Ioad.was .reduce~ ‘to q~out 35,000
pounds ;“bul .&he .amoun~epen~ed, tiosiewhat on .t~e-~a~~it~de
of the ultimate, ,‘“Some~imes , *he panel would. sudde~ly” fail
with:a loud ”.naiee.and t~e load drop ”to”about ,one-half””or
two–th%rds of.the amount .that–”it had “been earryiyg, -T>e
“photo graph ..wasthen taken ti ,show-.the ‘deforrnat@n un~er ‘. ,
this’ condition. “ , “ ., . . . . .

... .
1

—
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For .a number of the tests the angular rotations of
the pointers glued to the stiffeners were computed from
the measured movements of their free ends arid’~lotted
against load. These curves for the third set of panels
are shown in figure 34 to 37. Corresponding curves for
the other panels would be very similar, In addition, the
pointer rotations for each _panel u,nder three loads, in— . ...
eluding the last load before the ultimate xas reached,
termed the IIsub-critical loadit in this report, were com-
puted.anii recorded in tables 12 and 13. . When the pointer
rotations were recorded, no correction was made for pos-
si%le movernen,t between actual zero load and the first load
at which readings were ,taken, This omission was justified
by the negligible moveme~ts recorded for the first few
increments of load in every test.

The manner in which the stiffeners of each type failed
when used in the panels appeared to be a characteristic of
the design, which depended to some extent on the length of
the panel. With only one exception, and that questionable,
the failures of the Z, .S, and U section stiffeners in the
16-inch panels were primarily of the local buckling type.
As the load approached the ultimate, bulges formed in the
flanges , eventually gave way, and thus caused the total
load to drop. In panels PB-I and PC-1, which had Z
s

and..

section stiffeners with flanges parall’61 to the sheet ,
it was noticed that the buckles. in the flange ad.jace”nt to
the sheet were the more pronounced and gave indications of
having occurred .first, although in all instances both

.-—

flanges buckled in approximately the same relative l-oc=tion.
In the other 16-inch panel tests; few notes were~eken re-
garding the relative magnitudes of the buckles in the two
flanges of a stiffener, but in several tests it was noted
that the bulge in the r$y’eted flange was larger than that
in %he free flange. The failures of riearly all of the ‘C
section stiffeners in the 16-inch panels , on “the.6“thk= hand,
were primarily torsional, Im the test of panel PA-8, hb~–
ever , the local’ buckling appeared to be. the qimary cause
of failure with the twisting secondury. -... . ..

.- ._ _ ,-_-= __ ..—
In the tests of 24-irich panels, the C s:ection stiff-

eners uniformly failed primarily in torsion, though Yn the
panels with the wider stiffener spacings (panels PA-14 and
pA-16) local buckling was noted as a contributory facior~
In this length; the Z section (PB series) also appeared
to “fail primarily by twisting, though riormally with accom-
panying local buckl_ing. The stiffeners’ of S and .U sec-
t-ions failed normally ~y local b-ucklirig, thoug”h twi”sting
was also noticed in a number of the tests.
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‘“Orithe ~litile,the U: ‘section stiff enerss hawed the:
least’”ev~6’Ence,“oftwisting, in ‘spi+e gf: fihe“me&hod .use.d.. -
to meas”ure. that ac~idn. :!-?’it-h’ths;other--sect iohs , the
pointers war-e ‘attached to the webs and measured rotations
of the whbl”e””.stiff%mer .’ The po”inters were tit.t-achedtG
stiffener flanges of.””the .U “,s-%c~-i~nand in some tt7st$
appeared to measure flange .’rcrtat-iandue “-t-olocal buckling
rather tlie.-n.rot%tio”n df “t”hestiffener sec.tian a~ a whole..

.“. ””- ., ,’..,:,.

.

c

The failures of “most of “the panels afie-r.@sfi{ng--
maxirnum load: were ~r~dti~l, the panels exhibiting a re-.
rnarkable &b ilit& to be defcrmed without much drgp .in the,
equilibrium I’oid; Some of the panels with. U .eect~on
stiffeners, however , -failed rather suddenly. Th”e fail–
ures of the two 24–inch panels with 10-inch” stiff ener
spacing (PD—15 and PD—16) were very similar . At maximum
load the edge st-iffeiiers suddenly .*wiste& in toward the
center stiffener. The failure was accompanied by a loud
noise and a much larg”er drop in equilibrium load than was ‘
experienced “for any of. the other 24-inch pane”ls.. In the
16-inch panel tests, al”so, the U ‘section panels showed
a’tendency ho-complete and sudden collapse at final fail-
ure., such behav Lor”.ehown by t“hrew of the five panels
tested. In’ this length tendency. to the explosive type *
of failure took place with spacings of 4, 6, and 10
inches and did not--take place with the. 8-inch” or the dup-
licate 4–inch spacing panel.. In one respectvt~olent= ●

failures of t-he shorter panels differed from those of the
longer ones. Instead of taking plac,e under tihe maximum
load , failuce did not occur until the equilibrium load
‘had passed the maximum and had experienced. an appreciable
drop. “

Column tests_of individual etiftimers. – The ultimak
ioads and corresponding unit stresses of .*-he individual
stiffeners tested as flat-end columns-are. listed in &able
14. In these tests m~surements of midpofnti rotation and
change in s-lope near the ends were made fn arder to deher–
mine “from them the ,actual degree o-fend restrain+ , buti the
applicability of the me-thod proved questionable and those
data were not used;

The shorter Z (3–1) failed by loc”al buck~ng fol Low-
ing some plastic bending about its axis of minimum stiiff–
ne’ss. T-he S seetion of lrh&:--~me length (C-1) ehowed a
gradual plastic bending-over ac~neiderable portion of its
lengt-h. The shorter .chanriel (D–l),failed primarily by ,
twisting. The ends of tihis s~ecimen,remained flat against
the plat~~s and the dist-nrted column axis fOrmed a G~nP-~e

n
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large symmetrical sinusoidal wave with rather definite
noints of inflection. In the longer lengths both the ‘Z
and S sections (E–5 and C-5) failed in the manner char-
acteristic of long columns , deflecting in the directions
-f the min~r axes of the cross sections and exhibiting
little tendency to twist. The longer channel (D–5) failed
torsionally in the same manner as the shorter one (D–1),

Stanford University,
Stanford. University, Calif. , July 29, 1942,
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?anel

PA -1
PA -2
PA -4
PA -6
PA -8

PA-9
PA-10
PA-11
PA-12
PA-15
PA-14
PA-15
PA-16

PB -1
PB -2
PB -4
PB -6
PB -8

PB -9
PE-10
PB-11
PE?-12
PB-13
PB-14
PB-15
PB-16

PC -i
Pc -2
Pc -4
PC -6
PC -8
Pc -9
Pc-lo
Pc-11
PC-12
PC-13
PG14
PC-15
PC-16

PD -1
Pll-2
PD -4
PD -6
?D-8

?D-9
?D-11
?D-12
?D-M
‘D-14
‘D-15
~D-16

Type
‘tiff-
ner

c
c
c
c
c

c
c
c
c
c
c
c
c

z
z
z
z
!2

z
z
z
z
z
z
z
z

s
s
s
s
s
s
s
s
s
s
s
s
s

u
u
u
u
u

u
u
u

:
u
u

I.—
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TABLE10-PANELWEIGHTSAND DIMEWSIO1.?S.

Len.gtl
(in.)

16
16
16
3.6
16

24
24
24
24

H
24
24

16
16
16
16
16

24

H
24

E
24
24

16
16
16
16
16

24
24
24
24
24
24
24
24

16
16
16
16
16

24
24
24
24
24
24
24

stiff-
ener
Spacilq
(in.

4
4
6
6
10

:
6
6
8
6
10
10

:
6
8
10

4
4
6
6
8
%
10
10

4
4

:
lo

4
4
6
6
8
8
10
10

4
4
6
8
10

4
6
6
8
8
lo
10
.—

WeI&t
(gr

Sheet .

177
165
236
324
389

233
242
539.5
545
477.5
472
591.5
580

169
1s43.5
238.6
330
393.6

250
226.5
543.5
547
46S.6
467
583
581

J.59.5
164
255.5
309
372.5

232 t
235
346.5
552
456
457.5
576.5
576

164
166.5
237.5
290
396

240
369
345,5
464
471
589
5B8

nls)
stiff-
ener

‘545;5
344
343.5
345.5
343.5

513.5
507.5
5X
515.5
523.5
50’7.5
51.1,6
515,s

331
331.5
549.5
331
332,5

491
493.5
495
500
500
496.5
501.5-
497

347.5--:
346.5
3U
333.5
346

517
516.5
515
511
513.5
517
5a4.5
500.5

348
353
345
344
345

5a3
s)9
502
513.5
514
515
513
------. .

Sectionalarea I

Hia-

0.244
.228
.324
.446
.556

.214

.222

.w.

.316

.436

.435

.543

.532

.2X

.232

.328

.455

.543

.229

.206

.515

.318

.425

.429

.536

.5s3

.220

.226

.325
“.427
.514

.as

.216

.319

.323

.418

.420

.529

.530

.226

.230

.328
,4CXI
.546

.220

.3s9

.317

1

.426

.432

.543.

.544
.—-

SqIn
m
~ner
—.
D.475
.474
.472
.475
.472

.471

.466

.470
,472
.480
.466
.469
.472

.455

.456

.481

.455

.456

.430

.45s

.454

.459

.459

.456

.460

.456

.478

.477

.471

.459

.476

.474

.474

.473
,469
,47X
.474
.46S
.459

.4?9

.485

.475

.474

.475

,477
.467
.461
.472
.472
.473
.471
-— .

I

0.719
-.702
.796
.921

l.oc%

.865
..888
.781
.766
.Bls
.899

1.0)2
1.004

.689

.688

.809

.910
1.oo1

.679

.661

.769

.777

.884

.885

.995

.989

.698

.703

.796

.886

.9W

.667”

.890I

.792:

.792

.890

.8B4

.992

.983

.ms

.715

.803

.874
:.021

,697
.806
.778
.896
.934
..014
..OM

—

r I
1

!



3titI-

ener
3paCing
(in.)

4

6

8

10
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ZUBLE 2.- PANEL STZYFNESS 3%OM SIMPLE BENDING TESTS.

Panal

PA-10

PB-10

Pc-lo

PA-12

PB-12

PC-3.2

PD-22

PA-14

PC-14

PD-14

PA-16

---- . . .

hasured]ComputedfMax- lExporimentall.ydetermined XI values=
12

(a)

0.0291

.0307

.0319

.0312

.0328

.0323

.0118

.0279

B0341

b0115

,0311

300

316

329

321

338

333

287

351.

118

320

1-load

276

376

~76-

326

326

351

276

276

376

276

226

tie’etin tension

130

35(I

430

153

357

464

175

155

427

149

143

202

379

442

237

451

507

196

194

550

185

zl.1

ES3

181

389

439

201

418

447

179

179

422

161

185

beet in compression:

E1l

134

270

387

169

389

439

164

1.13

409

169

327
—

173

319

419

200

352

445

171

186

432

169

224

‘Weagurod 1=11in cchmn 3 is tho moment of imortta of the center
stiffener ab?nzta centroi~l axis parallel to the--sheet,computed
grornmeasurements of the actual etiffenera
IiComputedE12IIin column 4 is the value in column 3 multiplied by

10,3CQ. Tabulated values are in tkcusands of pound-inch units.

ES3

L44

847

419

147

262

410

165

173

389

157

142
h

cl~Experimentally detemnined EI valuesliin col&nns 6 to U are
computed from the slopes of the lwd-deflection curves of the
individual stiffeners, using the relation EI = 20106$i/8.EI and
ES pertain to the edge and EI
9

&to the center stiffener. Ta ulated
va ues are in thousands of pcx#d-inch units.

,
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&

!MBIa 3.- S!I?H’IW?EE TWIST 03’PANELS IN BENDING.

@otation i. positive when pointer readings increase
with increase in load. Plus or minus sign indicatss
that s change in direction of motion was noted.]

Arm
lengtl
(in.)

PA - 10

PB - 10

Pc - 10

PA-=

PB-12

Pa-w

PD-12

PA - 14

PO-24

PD - 14

PA - 16

10-5/8

10-1/4

10

10

9-s/4

m-3/4

9-3/4

10-3/4

10

8-3/4

10-1/4

Total Movement of ●nd of pointor
load
(lb)

(i:.) (i:.) (i:.)

*

Sheet in Tension.

276

350

326

326

326

351

276

2’76

376

276

226

+0.80

- ,05

+ .05

.+ .99

~ .09

+ .02

* .12

+ .90

+ ,25

+ .22

+ .75

+0040

~ .C4

+ .09

+ .46

~ .05

~ .01

- .03

+ .49

+ .06

+ .06

+ *4O

+0.47

~ .05

+ ,02

+ .50

- ●lo

-. u?

- .05

* .53

- .16

2 ,05

+ ,40

Sheet in Compression

PA - 16 I.. I!TWI....+0.37 not rec- +0.s7
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TA3LE 4.- ULTIMATE LOADS AND UNIT STRESSES ON 2-41NCH PANELS.

‘1

4

stiff- Averago Total JWerage
ener stiff- area ulti-

area ener mat●

stress strees

Percentagell?estlTypePanel m.tim-
ate
load

variai
ulti-
mate
load

-
r

1
ion group
Av-
er-
Ege
str-
ess

of
failure~

(lb)

1
. I ..

L
PA- 9
PA-10
PB- 9

t PB-10
Pc- 9
Pc-lo
PD -9

16,200
16,000
17,200
17,X20
20,800
20,450
18,400

0 ● 471
,.466
.450
.453
.474
,474
.477

9A1’lcl

34,400
34,300
38,200
37,800
43,900
43,100
38,600
6-inc!

T
-1.2 -1.3

~ .5 2.4

-1.7 -2.5

i-
2
1
2
1
2
J_

T
T
T,L
T,L
L
L,T
L

.688
*679
.661
.687
.690
.697

23,300
25,300
25,800
30,300
29,600
26,400

stiffener spacing
.781 18~700 89 8a0 1 T
.788 20,200 “ 2 T
‘.769 21,400
.777 22,5ti

6.1 5.11 ; :’:
>

.792 26,500
“.792 25,800

-2.6 -2.6 ; LLT
9

*806 22,800
..778 23,100

-2.3 1.3 ; :

stiffener spacing
A

.918 18,600
.899 16,800

-li.7 -9.7 “; TTL

.884 20,200 - .9 -1.0 T;L

.885 20,000 i T,L

.890 23,400 1,6

.894 23,600
.9 : y

20,000 ~,~ ~,o ~ L
! 2 T,L

stiffener spacing
1*012 15,400
1.004 14,800

-4.6

.995 17,400

.989 18,500 5“7

.992 20,200

.989 20,200
- .2 0 ; y

1.014 17,300
1.015 ~17,300

.6 0; :~:
1

PA-11
PA-12
PB-11
PB-12
PC-U
PC-M?

14,6Q0
15,900
16,500
17,5CXI
21,000
20,450

.470

.472

.454
*459
*473
.469

31,100
33,700
36,300
38,100
44,4X)
43,600

.467 39;400

.461 39,000
8-inc

PA-13 17,100 .480 35,600
PA-14 15,100 .466 32,400
PB-15 17,900 .459 39,000
PB-14 17,740 ,456 38,900
PC-13 -20,800 .472 44,000
PC-14 21,135 ● 474 44,600

.472 38,100
,472 38,600

10-inc
PA-15 15,600 k469 33,300
PA-16 14,875 .472 31,500
PB-15 17,3CQ ,460 37,600
PB-16 18>280 ~456 4O,1OC
PC-15 20,000 .463 43,20C
PC-16 19.950 .459 43,50C

%otation of t~es of failure:.
B, bending
L, local buokling

% T, torsioml
Where two t.~ee of failure were observed in the same test, the.-

one that seemed to be the primary type is listed first.
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TABLE 5.- UIA!IMATELOADS AND UNIT STRESSES FOR 16-INCH PANELS.

I
Panel ulti-

mate
load

(Ill)

1
PA-1 19,500
PA-2 19,200
PB-1 19,000
PB-2 19,050
Pc-1 21,700
PC-2 21,800
PD-1 21,400
PD-2 22 020

stifr- Average
ener stiff-

area ener
stress

o ●475
,474
.455
.456
.478
.477
,479
.485

Total
area

(w
in.) RI

Average ‘ Percent Tf?st Type
ultimate varlati n groq of
stress Ulti-Av- failure

mate er-
load age

str-
(l:~sy ess (a)

.
I I !. 1

4-inch stiffener spacing

40,500
-1.5

41,800 .689 27;600
41,800 .688 27,700

.5

45,40Q .698 31,100
45,700 *703 31,000

.5

44,700 .705 30,300 29
45,400 .715 30,800 “
6-inch stiffener spacing

PA-4 18,800 .472 39,800 .796 2s>600 3 T
PB-4 21,100 ● 481 43,800 .809 26,100 3 T,L
PC-4 21,475 .471 45,600 .796 27,000 3 L
PD-4 22,225 .475 46,800 .803 27,700 3 L

8-~ch stiffener Spacfig

PA-6 “ 19,520 ● 475 41,100 .921 21,200 3 T
PB-6 19>895 .465 43,700 .910 21,900 3 L
PC-6 20,250 .459 44,100 ,886 22>900 3 L’
PD-6 21,610 .474 45,600 .874 24,700 3 L

.10-inch stiffener spacing
PA-tl 19,770 I .472 41,900 1.008 19,600 3 L,T
PB-8 19,720 I .458 43,GO() 1.001 19,700 .3 L
PC-8 21,510 ,476 45,200 .090 21,700 3 L
PD-8 22,020 ,475 46,#o jl.~1 21,600 s L

%otatlon for types of failure$
L, local buckling
T, torsimal

Where two types of failure were observed in the same test, the
one which Beemed to the observers to be the primary type is
listed first,

,

-.
,

“
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TABLE 6.- AVERAGE SHORTENING OF 2&INCH PA~S UNDER VARIOUS LOADS.

Panel Shortening ln~iaches

5,000 10,000 12,000 14,Ooc

I (lb)I (lb) 1(lb) I (lb)
I f 1 1

4-inctl

PA -9 201 584
PA-10 212 423 596
PB -9 205 411 496 589

PB-10 213 427 515 612
Pc -9 206 411 494 586
Pc-lo 210 422 - 510 604
PD -9 192 389 474 561

1
PA-11 201
PA-I-2 202
PB-11 222
PB-12 190
PC-U 201
PC-L? 192
PD-11 196
PD-12 207

PA-15
PA-16
PB-15
PB-16
PC-15
PC-16
PD-15
PD-16

‘10,000under load P of

15,000 16,000 18,000 Sub-

(lb)
c~ittca

(lb) (lb) load

stiffener spacing

643,
658
640
661
635
655
606

--
-.

702
715
686
710
655

--
--
--
--

806
835
784

6-inch stiffener spacing

400 483 -- -- 585
404 485 575 633 -- 715
404 489 584 635 ;0; -- 71Z
394 480 570 615 665 -- 750
399 484 572 619 669 786 922
400 495 590 638 687 805 986
389 , 467 556 599 646 793 798
415 498 589 657 687 -- 8=

8-inch stiffener spaoi.ng

ac

b;

721
695
813
815
1044
1146
805

PA-13 190 380 458
PA-14 195 399 505
PB-13 193 383 466
PB-14
PC-13
PC-14 205 405 485
PD-13 198 , 393 473
PD-14 195 385 463

544
684
554
585
575”
570
561
550

590
-- .- --
601 653 -- 741
631 6851 --- 767
620 670 783~ 978
615 667 793 1090
609 661 -- 763
600 655 775\ 757

d

10-inch stiffener spacing

.&critical load iB last load before the ultimate.
ading for P = 13,0CQ lbs~

su-b-
critical
loada

(lb)

15,830
15,415
16,990
16,730
20,425
20,450
18,140

189 376 454 601 -- - 678
199 397 f 477 -- -- -- 584
191 380 459 545 591 639 -- 770
190 390 470 560 610 660 ‘- 750
199 397 481 567 611 663 782 953
216 426 508 !396 646 700 835 966
192 385 468 553 599 648 -- 731
186 380 466 555 602 660 -- 710

14,040
15,600
16,215
17,100
19>675
20,070
18,035
17,500

16,835
14,500
17,355
17,220
20,305
20,110
17,485
17,705

15,400
13,785
17,355
17,450
19,790
19,310
17,200
17,060
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!l!MTiE7.. AVERAGX SHORTENIN1303’16-INCH PANELS UNDER VARIOUS LOADS

Panel Shortening in inches/10,000 under load P of i Sub- [
!critical

5,000 10,000 15,000 16,500 18,000 19,000 20,000 suh- loada
critical

,(lb) (lb) (lb) (lb) (lb) (lb) (lb) loada
i

,4- inch stiffener spacing

PA-1 138 277# 431~ 485 553 625 -- 627 19,015
PA-2 145 287 438 491 566 -- -- 650 la,920

I
PB-1 142 284 438 496 571 -- -- 639 18,875
PB-2 140 280~ 432 480 555 -- -- 655 18,770
Pc-1 136 271 423 477 538 585 643 769 21,335
PC-2 138 275 425 478 535 580 ~ 638 750 21,310
PD-1 137 271 4.16 466 522 566 616 743 21,405
PD-2 130 262 410 46Q 515 555 600 710 21,625

i
6-inch stiffener spacing

L

PA-4 130 262 407 452 532 -- -- 580
*

M,3m
PB-4 125 256 400 450 508 550 604 .2!0,660
PC-4 118 245 398 452 518 568 622 20,960
PD-4 128 258

,
395 441 498 540 21,625

A
8-inch stiffener spacing

PA-6 560 -- 6~ 19,320
PB-6 457 520 582 -- 622 19,480
PC-6 130 26Q 416 470 530 582 -- 693 19,985
PD-6 130 261 403 455 513 558 608 725 21,28(I

10-inch stiffener spacing

PA-8 128 255 390 438 491 538 -- 575 19,S50
p&8 la 259 403 456 520 570 -- 590 19,300
PC-8 122 251 400 450 505 549 600 660 21,1W
PD-9 125 250 385 430 480 518 5611 638 21,MO

a!l!hesub-critical load is the last load at whioh readings were
taken before the Qtimate loacL.
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T.@LJI8.- LOADS AT INCIPIENT FAILURES OF TEST GROUP 3.

Skin buckl.ee
Panel

stiff- stiff-
ener % ener 3

PA-8 17,03Q 12,010

PB-2 15,000
PB-4 13,530 16,455
PB-6 13,520 1$,670
PB-8 L4,995 j18,020

16,470 10,530
14,965 14,965

PC-6 14,960 U,990
PC-8 10,575 9,070

1.2,015,32,015
10,520 <10,520
10,475 10,475

Stiffener waviness

stiff- stiff-
ener 1 enOr 2

I
u3,700a 18
16,380a 18
17,020@ 19
17,795a 18

I,70CF
,330Q
1,340
,9708

20,960 20,960

-k-
21,100 19,140
21,525 21,525
20,350Q 1,280
20,530 20,530

stiff-
ener 3

18,7C0a
16,445
19,160
17,795U

18,630
20,660
19;180a
19,100a

19,040
20,435a
18,260a
13,420a

21,100
“22,225
14,980

27

Stiffener twist I

5tiff-
ener 1

.8,520

.8,330a
,8,320a
.8,770

.8,770a
:0,660
.9,180a

stiff- stiff-
ener 2 ener 3

TL7,300a18,52017,910
L8,32@ 19,340

19,370

L5,680a -

aAfter maximum load had been passed.



!yCle

1

2

3

4

5

6

7

mast

(a)

A
B
c
D

A
B
c
D

A
B
c
D

A
B
c
D

A
B
c
D

A
B
c
D

A
B
c
D

NACA Teohnical Note No. 882

TABLE 9.- PANEL ACTION OF TEST GROUP 3 IN FAILURE.

PA-2

19,200

18,920
18,860

19,200
18,700
18,300
18,230

18,600

17,300
17,250

17,600
17,320
17,000
16,950

17,300

16,180
16,110

16,400

15,150
15,100

15,500
14,800
14,570
14,460

PA-4

L8,160

L7,910
17,890

L8,580

18,360
L8,320

L8,800

L6,330
L8”,300

L8,750

L7,500
17,400

L7,800

L6,380
L6,300

L7,000
16,350
L5,500
15,380

PA-6

19,520

19,340
L9,280

19,520

L9,070
L9,000

19,320
L9,32&
L8,320
L8,260

18,720

L7,020
L6,920

L7,320
L6,850
L5,820
L5,770

L6,Uo

15,220

T
19,770

18,970
18,890

19,220

18,780
18,720

19,020

18,260
18,Z1O

18,420

17,706
17,655

18,020
17,410
16,950
16,840

17,320

14,420
14,020

19,000

18,770
18,700

19,050

18,300
18,260

18,475

17,550
17,500

17,900

16,600
16,740

17,100
16,610
16,000
15,970

IX,300
15,750
15,300
15,250

15,600

13,780
13,700

PB-4

!1,100

!0,660
?0,600

?0,950
.8,450
.7,310
.7,250

.8,000

.5,200

.4,820

.4,685

PB-6 PB-8

L9,895

19,180
19,120

L9;520

L8,140
L8,060

L8,420
18,280
17,520
L7,41O

L7,670
L7,670b
L6,820
16,790

17,220

LS,970
L5,880

L6,220

L4,990
L4,870

19,720
19,720
19,100
19,035

19,320

18,920
18,850

19,120

18,180
18,120

18,360
18,360b
15,395
15,335

15,920
15,680
15,Ma

%mse A is maximum load of cycle.
Phase B is load just before failure.
PhaseC is load Just after failure.
Pnase D is load after taking dial readings and just Ix#fore

b starting next cycle.
No decrease in load between phases A and B.

,

.

, 1
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TABLE 9.- Pti ACTION OF TEST GROUP 3 IN FAI_@NTINUED>

2yclePhase PC-2 PC-4 PC-6 PC-8 PD-2
I

PD-4 PD-6 PD-8

1 A 21,800 21,475 20,250 2i,5~o 22,020 21,700 21,610 20,725
B .- -.
c 21,190 20,750 19,550 ’20,680 21,670 21,525 21,280 20,530
n 21,150 20,?00 19,490 20,620 21,550 21,450 21,240 .20,480

2 A 21,600 21,100 19,950 21,020 !22,000 22,225 21,750 21,630
B - - - 19,380 - - - -
c 20,890 20,435 18,260 18,680 20,840 20,935 20,350 21,430
D 20,790 20,685 18,210 no rec 20,700 20,900 20,250 21>380

3 A 20,900 20$900 18,700 19,Ozob 21,100 21,400 20,500 22,020
B - - - 19,020 19,600 - - 21,895
c 19,250 19,140 16,160 16,320 18,510 19,450 15,860 20,Slo
D 19,190 19,060 15,980 no rec 18,450 19,320 15,780 20,270

4 A 19,600 19,400 16,300 16,920 18,830 19,7CMI 20,760
B 18,110 19,4oob 16,1.80 - 18,830b 19,130 20,760b
c 17,425 18,580 13,570 13,420 8,950 7,525 6,200
D 17,350 18,530 8,950

5 A 17,800 18,950
B 17,150 18,150

I

c 16,520 .17,400
D 16,470 17,350

6 A 15,900 17,800
B- 17,800b
c 14,550 16,600
D 14,400 16)550

‘7A 17,000
B
c 14,240
D 14,MO

‘No decreasein loadbetween phases A and”B.

.
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Panel Load
(lb)

PA-2 18,300

17,3CKI

15,150

PA-4 17,910

18,360

18,330

17,500

18,380

15,500

PA-6 19,340

18,3E0

1.7,080

15,820

PA-8 18,970

17,795

16,950

14,420

PB-2 18,W

17,550

PS-4 17,720

20,680

1’?,310

PB-6 19,50U

19,180

la,140

17,520

16,820

NAOA Teohd.oal Uote No. 88a-
TABLE10 - EXCYRPTSFROMLOGEOF PMU?.L00UPRE8SIOllTE8Te

Rernarke ,

8tlffener1 failingtorsionallywithsecondarylocal buckling,
Same action,but not so pranounoed in stiffener 3. Stiffenera
shows looe.1buoklingwith secondarytwist.

All deformattonmmush increasedand defarmatlonof ❑tlffener2 now
appearaprimarilytor6ianaland t!eaonclarilyloaal buakling.

Deformationshave been inareamingauntinuouely.

Slight noie.edue to taheetbuakllng. Stiffener3
ing.

Stiffener3 twistingconsiderably. Stiffeners1
diatreaa.

8tiffenera now has a buakle. 8tiffener1 ehowe
but ie etartingta twist.

Same deformationsmore pronounced.

definitelytwiat-

and 2 show no

no real dlatreaa,

Stiffener1 now badly twieted, Both 1 ancl3 are primarilytwist-
ing;whereasa exhibitsprimarilyloaalbuakling.8tiffener1 alao
~aaa laoalbuakle,butstiffener3 haanone.

LOUd noise aa buaklea horeaee with eudden drop in load.

No particularaotian at maximum loiul. titiffener2 OhoWa aignu of
bucklingof riveted fltige. Stiffeneruhowa oombinatlonof twlat-
ing and loaal buckling.

,

—

Stiffener3 failed with sharp noise. Stiffener2 iB buckled on
rivetedflange and to leas exteti on outer flange. It is d.lJO
somewhattwiatad. Stiffener1 IE twlated,but ahouano serious
100albuakling.

Stiffener1 nowchawsloaalbuakllngaswellaa wnalderable twiet.

Stiffenera failed naisily.
,

Edge etiffenereareoonaiderablytwlated,buthavenotf~led.
8tiff_ner2 lmefailedby laod btiklingofflangeanearmfdhelght.

.- -—
.

~ge atlffenersahawingloaal bwkllng ac well aa twleting.
—

Drop of load probablydue to lncreaaeibuaklingof utiffener a.

8tiffener1 is bearing against teetingapparatua. The panel iB
badly deformedwith edge atiffenere~wlatedand all three buckled
laeally. No rivets had failed.

Stiffener3 appeara to have failed,primarilyby Local buak15.ng.

Stiffenetia1 and 2 appearto have failedprimarilyby loaal
bwkling.

Slight noise from eheetbuckling, no other ahange.

Stiffener1 twieting. Stiffener2 haa wavy auter flange. 8ti.ff-
ener 3 has buckle in outer fhmge.

Loud noise with pronouncedfailure. Stiffener1 twietedwlth ●eo-
andary loaalbuckle.8tiffeneraZ and3 haveffirlrl,ar
withsecondarytwleting.Onerivetfailedon stiffener

~ buckleai

(Before max. load.) Outer flange of stiffener2buokMng locally
and appearaready to fail.

Buakle in flengeof stiffener2 tilghtlylarger. Stiffener3 &pear#
to have failedby loaalbuoklingofbothflangennearmldhelht.
Stl.ffener1 ahawatwlatandinaiplentloaalbw~ng. fnono ee.

Same failuxesmore pronounced.

Sharp noise due probablyto ohsmge in buakle pattern of sheet.

Sharp noise with Inteneifiaatianof utiffenerbuoklem.

r
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TASLE 10.- 2XOEWTS FROM LOGS OF PANEL COMPRESSIONTESTS (Oontd.)

. .

.

.

.

Panel

PB-8

PC-2

PC-4

PO-S

PO-s

m-a

PD-4

PD-S

‘&-s

Load
(lb)

19,100

15,395

15,140

21,800

20,890

17,425

ao,750

18,580

17,400

16,600

19,985

19,560

1S,260

16,160

13,570

20,680

1s,680

16,320

13,420

21,670

20,840

18,510

8,950

19,450

7,525

20,350

15,860

20,310

6,2oO

—-

Remarks

Noise at failure not loud. Definitelocal buoklingof outer flange of
stiffener1 aod inoipientfailuresof outer flanges of stiffeners2
and 3.

Two noiaee heaxlbeforeload reading oould be taken. Bad loos,lbuok-
ling of stiffener1 and moderate ftilure of stiffener2. Stiffener3
shows diatreasbut ie in fairly

Y
od shape. Rotationwinter knocked

off stiffener1 in the failure o that stiffener.

Stiffener2 rotateduntil pointer strucktest apparatua. Stiffener2
alao badly buokledjbut stiffener3, althoughbuokled locally,ia still
holding considerableload.

Buokle formingin stiffener3.

Stiffener3 appeara to have failedby.looalbuckling.

Stiffeners1 m 2 appe= to have failed by loosl buokling. A rivet
haa failed in stiffener3.

Stiffener1 appeara to have failed by 100al buoklingwith aeoondszy
twist.

Stiffeners2 W 3 show’oonaiderablediatresa,but have not completely
failed.

Stiffener2 has failed by 100al.buokling.

Stiffener3 haa fail,edby 100al bucklingwith aeaond~y twist.

(Beforemax. load.) Three uavea in outer flange of etiffener1, one
on flange of stiffener2, no definitebuokling of stiffener3.

Failure of outer fl~ge of stiffener1.

M bulges in outer flangea of atiffenera1 and 2. smallerbulge on
flange of atlffener3.

AU atiffenerashow large buokles.

Loud noise accompaniedfailure. Principalfailure that of etiffener1.

Local buckles in both flangea of atiffeneza1 and 2. None on stiff-
ener 3.

Bad looel buokling Of stiffener1, Mderate buotiing Of Eti$fener~,
none on 3.

More failure of stiffenerL but 8tiffener3 still holds.

Stiffener3 buokled near upper end. ITo atiden failure of this etiff-
ener during the teat.

Stiffener3 appeare to have failed by 10USJ.buokling.

Stiffener2 appeara to have failedby 100al buckling.

Stiffener1 appears to have failed by 10CSJ. buokling.

The panel failedwith a loud noise and suddenlygreatly increased
deformation. The load drop waa from 1S,S30 to 8,950.

Stiffeners1 and 2 appear to have failed by loaal buokling.

When the load mae 19,130,the panel failed completelywith a loud
noise. After this failure stiffener3, althoughmuoh twisted,appeared
in relativelyfair shape, but stiffeners1 d a were badly buckled.

Buakle in stiffenera.fairly large. Stiffener1 showingwavineaa.
Buoklea in stiffener3 oonaiderablyinoreeasdin size.

All’three atiffeneraare buakled near eaoh end and equilibriumload
is deareaaingas strain’inoraaaes. At no tima in this teat did any-
thing give nay with a noise.

Platen dial no. 1 suddenly droppd baok ~rom 0.057 to 0.053. stiff-
ener 1 suddenlybuoklad, followe(ishortlyby stiffener2. Stiffener
3 ahou6d no diatrtfaa.

When the load waa 20,760, atiffenera1 @ 2 failedwith a loud noise,
but stiffener3 showed no diatreaa. The load dropped to 6,200.

--



Panel ulti- Load at m Ratio StAffener Load et ‘Load Stiffener Loed at Load Stiffener

mate ftrwt after that uecond &PJg~ tit third titer “ that

lc+ki failure failure faileda failure failure faileda failure failure failed

<lb) (lb) (lb) (Lb) (lb) (lb) (lb)

PA-lCl 16,MKI 16,000 14,885 15,250 15,Ocil 2T 15,350 13,650 UC

PA-I.2 15,9X2 15,,9QQ 15,85Q 15,85Q .15,6.4Q lT 15,m 12,900 2T

PA-14 15,1(IO 14,6Xl 14,5m 15,lm ---- 2L ----,-- ----- --

PA-16 M?8K 14,875 14,aa4 -— --- ----- -- --—- -—— --

PB40 17,1’m 16,715 15,150 .~ 3~ —---- ----- --- 12,725 9,955 1s2
Fb-lz 17,500 17,500 16,975 .97 1!S,3’216,5~ J5,000 ‘;3L,ZT —-— —-”- -—
PFI-14 17,74Q 17,610 17>cn0 ,96 a 17,225 16,730 2LT 17,0% lti,625 lLT
pB-\6 u ,280 18,280 17,700 ;.97 2!! 18,200 17,860 lT 17,240 16,150 3LT

PG-lp 20.4S2 2Q>MD 13,430 ~.65 Z,=T ,------ --.---, ----— ---

PC-M! 2,0,4%l 2Q$450 7,570 .85 a ,173250 –--— ‘G :1-: ----- —.
pc-14 .21,1qq ~,135 7,80U ;.8A 3L#L 18,,6@ L5,,oml -—- .--—- ----

PC-16 19’#5Q .%50. ‘%225 .% 2L,?L
I

19,7m ------ Z& -- —--- ---

~.,92 3L,ZL;:% ;;;g ~~$$b :,~~ ~
------ .13#&! IL —-—- —--- —

- ---- IL,3L -—-- .---— .—

*7, m 7,77@ .44 ‘iTp3T,2L -—--- ------ ----- --..--- ------ .

.
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TABLE 12.- POINTER ROTATLOIW FOR 2*IWEPANELS.

,

.

,

.

4

rMeasured.k radians/1,006~
,

L

Stiffener 1 Stiffener 2 Stiffener 3Panel sub-
crit-
ical
load

(1’b)

,0.00

lb)

2,000

Ill)

51All-
mi.t-
j.c&

Load

“,000

lb)

2,000

(lb)

3uT-J-
>rit-
toal
Load

1,000

:11))

,2,000

(lb)

hib-
zrit-
Loal
load

0
0

*3
-1
*1
0

t3

-4
+7
0
-2
-4
+1
~

-4

*3
-4
-4

*X2
-1

-5
+6
-1

-5
0
-3
-5
.-4
+3
Y2
-6

+2
-4
*6
-4
-1
0

*5

-3
*16

0
-7
-9
-1
-2
-10

I-4
+1
-6

*12
-4
-13
*8
-5

-10
0
-6
-13
-12
*9
~1
-15

*5
-5
-4

-103
-23
-71

*35

+14
+65
+6
-65
-64
-10
-16
-28

-4
*48
*SL
*I3
-36

*22
-15

-135
*G.
-34
-61
-6.4
*48
* 11.
-37

PA -9
PA-lQ
PB -9
PB-I.O
Pc -9
PC-lQ
PI)-9

15,830
15,415
16,990
16,730
20,425
20,450
18;140

14,550
15,600
16,160
17,100
20,580
20,070
18,035
17,500

16,835
14,500
17,355
17,220
20,305
20,ILO
17,485
17,705

15,400
13,785
17,215
17,450
19”,860
L9,310
L7,250
L7,060

429

‘a-la

‘b-5L

-209
-172
-145
-67
-141.
-Ill
-6
-14

-226
-27
-122
-45
-97
-66
Q-34
-12

239
-51
-X4
-42
-59

Y16
~258

*1

+;

o

*1O
+5
-14
+3
-1
+5
+14
*2

*9
+28
+1

723.
+3
-1
-12
-7

3
+7
-1
*5
+s
Ts
-6
-8

+=

-f-15.

+’1

*32
+26
-22
*I.J-
+2
*9
+23
+7

i 25
+240.
t 8“
*42
*9
+4
-24
-4

?3”
+3s
-5
+7
+1,.1
*Z5
-7
-10

+8;

B218

*2ib

“400
227
-165
r129
t 90
~152
i-49
+10

F185
F535
+78
?179
b125
t65
-86
0

*90
’216
-23
+54
“154
+78
-M
-u

-u 1-,
-6

-,

-5

-lo
-5
-10
-4
-5

.-9
-’7
-2

-1.1
-5
-70-

-2
-4
+9
-4

-32.
-7
-8
-2
Q

*3
+3
*32

-26.

-22

-15

-30
-14.
-~g
-5”
_~

–14
-7
+1

-24
-15
-16
-L
-10
-15”
~15
-4

-3a

126
-8
-~”
Q

*5
+55

PA-11
PA-I.2
PB-11
PB-3-2
PC-U
PC-=
PD-1-l
PD.-U

PA-13
PA-14
PB-1.3
PB-14
PC-13
PC-14
PD-13
PD-14

I?A-M’
PA-IX
PB-15
PB-16
PC-15
PC-3..6
PD-M
PD.-3X

la
Under 16,7L’5Emund.a,pointer booked off before next reading

b
could be.taken=
tbder 1S,000 pounds, no rmdings were recorded for higher lQads.
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!U3~ 13,-POINTERROTATIONSFOR 1.6-I170RPAFZLS

@easured in radians/l,OW]

PaEel sub- Sbiffener1 Stiffener 8 Stiffener3
orit-,
ical 15,00018,000Sub- 15,000 18, W fi~. lq~ le,~ ~~.
load orit- Orit-

iaal
arlt

(~b~ (lb} (lb] 1- (lb) (lb) :% (lb) (lb) :::

PA-1 19,015 *2 -20 - - -
PA-2 18,920 4- -S8- - -7 i:-10s -81
PB-1

*8 ●27 *62
18*450 - - - -6 -17 -26 - - -

PB-2 18,770 -5 -1.1 -88 *$ +5 +17 +13 +42 *MO
Pc-1 21.,555i -6 4.2

PC4 21,310 -; -i -38- -3 -8 $7 t; t; -
PD-1

*SO
21,405 - - - +5 +10 +s1 - - -

PO-2 21,625 -s -lo -40 0 0 -lo ts *8 +30

PA-4 18,360 -1.2 -22 -28 -lo -16 $$?8 *MO Y206
PB-4 20,660 -5 -XL -105 : 0 +15 *8 *18 ?40

*17 -6 -10 -18 +5 +9 +14
+15 o 0 0 0 +s i’u

?A-6 19,s20 -12 -21 -45 -2 +5 +40 ~16 *4O
?B-6

+M4
1.8,480-I-2 -23 -50 +15 +34 W5 +15 *26

PC-6
+52

19,985 -4 -5 -25 0 0 +10 o -17
?D-6 21,280 +8 +10 +20 o 0 -4 -1: -25 -40

?A-8 19,550 -15 -40 -74 +15 o -6 -18
?B-8 19,5CC -5 -5 -12 : -: -21 0 0 -M
?C-8 21,100 -5 -7 -lo +12 -12
?D-8 21,410 +9 +11 +ls -: 4° -15 -: -: -7i

T&SUE14.-ULTIMATESTIF3!EKERIOADSUNDERAXML COMPRESSION.

Specimen Shape ultimate Ult*te Thiakness,1, mini- %/L2
load stress
(lb) (lb/eq (i:.) 7R4) (Ill)

In.)
L

2.8-inch Lsngth

B -2 z 5,060 32,400 0.0642 0,CKI!5202070

c -1 s 5,900 37,60C 0.0647 0.00622 2480

D-1 c 4,730 30,0C0 0.0649 0.Ollos 4400

24 - inch La@h

B-5 z 2,940 19,CC0 0.0855 0.00515

c-5 s S,96C 24,300 0.0841 0.00816

D-5 c ?i,w 20,500 0.0656 0.Ollls19101080

1970 .

,
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Figure 1

Flq.I

*

.

NOMINAL SPECIMEN DIMENSIONS

C section
t =.064° Z section

3“7— 1.110”

&“R

1- 2.818”

“(A)

Typical P=el

Material
Sheet - 24S-T
stiffeners - 24S-RT

Sheet thickness - 0,025 in.

Stiffener thick.- 0.064 in.

Rivets - 3/32” d. brazier head
A17S-T Al. Alloy
3/4 in. pitch

b = 4, 6, 8, and 10 in.

L= 16 and 24 in.

Typical Stil’feners

S section U seotion

1’—1,1!0”

l.-.,ld~
1

(B)

25s.73” 7
—. 1.164°

!414”
11

L.7d

—.

LJ
.

T
.818”-—.

‘~ ,.IIJ
(c) (D)

Stiffener Sections

Developed length Section A, B, and C Section D
of center line, 8 2.52 in. 2.52 in.

Thicdcness, t .064 in. -.064 in,

Cross-section area, A ,161 sq.im. .161 sq.in.

Inside radius of bends, r 3/32 in. 3/32 in.

Moment of inertia, 1 (about e.g.) .0316 in? .0109 in?

—

Note: Rivet center line isf: t~ center Of the flange flat
except for stiffener C; the position of rivet center

line is given above.
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I?ACA Technical Note No.88Z Figs. 2,3

Figure 2.- P~el bending
test,side view.

Figure 3.- Panel bending test, thres-
quarter view.
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Figure 4

LOADING DEVICE FOR PANEL BENDING TESTS

—.

1
—

.-

I-1

“1
Figure 5

SK~CH OF OFF SET
EuxZ4Q

Figures 4 an~ 5 .
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w

Figuze 6.- Plan vie8 of testing maohine. (a) Braoing to stabilize upper platen.

(b) Upper platen. (c) Lower Dlaten. (d) Extension rods.
.

.
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Figure 7.- Panel compression test, Figure 0.- Psnel compression test, 4
frent view. rear vleu. %



M(2A Tmh.nical Noto No..882 Fig. 9

Panel deflection, 8, in.

Figure ‘3.-Load deflection curves for panels in bending, 6-inch
circle spacing, center stiffeaer only.

--
.

. .
-.
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(a) Under initial load. (b) Under maximum load. (c) U&ler initial load as

. . .

Figure 1%.- Sequence photographs

moving head of testi~
machine was raised.

~

panel PA-16, m.

F



. .. ● ✎

~ (a) Under initial load.

Figure

(b) Under maximum load.

13.- Sequence photograph6

(c) UnderInitialload as. .
moving head of testing
maohine was raised.

panel PB-16.
(h.
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(a) Under initial load. [b) Under

Figure 14.- $equenoe

maximum load

photograph

.

(c) Undez initial load es
moving head of testing
maohine wa8 rd.sed.

panel Pc-16.
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(a) Under initial load. (b) Under -imum load. (c) Utier initial load as
moving head of testing

maohine was raised.
W

Figure lS.- Sequence photographs, panel PD-16. k.

P
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Figure 16.- Panel PD-16 under
maximum load .

Figure 17.- Panel PD-16 under
maximuul load.
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Figure 18.- Panel PA-2 under
14,480 pounds

after subjection to 19,200
pounds .

.

I
. .

Figure 19.- Panel PA-4 WMWr ~
15,380 pounds

after subjection to 18,800
~
.

pounds .
G

“P
, a
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Figure 20.- P~el PA-6 under
15,100 pounds

titer sub jection to 19,500
pounds .

Figure Zl.- Panel PA-8 under
14,000 pounds

after subjection to 19,750
pounds ●
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Figure %.- Panel PB-4 under
13,700 plnds

after subjection to 19,050
pounds .
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Figure 23.- Panel PB-4 under
14,685 pounds

after subjection to 21,100
pounds . .
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Fimre 24.- PanelPB-6 under——w

14,850pounds
aftersubjectionto 19,875
pounds.

Figure 25.- PanelPB-8 under—
15,000pounds

, aftersubjectionto 19,700
pounds.
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Figure 26.- Panel PO-2 under’
14,395 pounds

after subjection to 21,800
pound% .

Figure 27.- Panel PC-4 under
14,120 pOLUldS

after subjection to 21,475
pounds .
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Figure 28.- Panel PC-6 under
13,570 pxlxlds

efter subjection to 20,250 ‘
pounds●
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Figure 29.- Panel PO-8 under
13,400 pounds

after sub jection to 21,490
pounds .
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Figure 30.- Panel PD-2 under
8,950 TX)unds

after subjection
pounds .

til 22,020

Figure 31. - Panel PD-4 under

7,525 pounds

after subjection to 22,225
pound13 .
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Riguze 32. - Panel PD-6 under
15,780 poundB

after $ubjeotlon to 21,750
pounds .

Figure 33.- Panel PD-8 under
6,185 ~OUd8

aft er subjection to 22,000
pounds .
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NACA Technical No+e No.88z Fig. 36
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NACA Techrkal Note No, 862 Fig. 37
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